Background
==========

Fibromyalgia (FM) is a chronic health condition characterized by widespread musculoskeletal pain, multiple tender points on physical examination, generalized muscular aching, stiffness, fatigue, nonrestorative sleep pattern, cognitive dysfunction, and mood disturbance \[[@B1]-[@B3]\]. FM is considered a clinical syndrome presumably related to central neuromodulatory dysregulation \[[@B4]\]. The treatment of FM is complicated by the fact that there are no objective findings on the physical examination or laboratory tests that, in other rheumatologic conditions, confirm the extent of disease severity and aid in the establishment of a diagnosis. Consequently, the diagnosis of FM is based on illness history, exclusion of other causes of symptoms, verbal self-report, and physical examination \[[@B1]\].

Yunus and Masi were the first to describe the juvenile primary fibromyalgia syndrome (JPFS) in pediatric patients \[[@B5]\]. Consistent with the literature regarding adult patients \[[@B6]\], FM in pediatric patients is more common in girls than boys \[[@B5]\]. Although there are limited epidemiological data about the prevalence of FM in children and adolescents, it accounts for approximately 7--8% of new patient diagnoses in the pediatric rheumatology clinical practice, with estimates of population-based schoolchildren prevalence studies ranging from 1.2% to 7.5% \[[@B7]\].

The lack of physiological markers of disease activity for FM complicates the clinical decision-making process, since the treating physician cannot monitor the course of the illness with objective disease indicators that are available for other rheumatologic diseases such as juvenile idiopathic arthritis. Given the lack of objective outcomes measures, and the emerging therapies currently being tested for FM, the need for reliable and valid patient-reported outcome instruments for FM, including health-related quality of life instruments, has become urgent \[[@B4]\].

Health-related quality of life assessment in fibromyalgia
---------------------------------------------------------

Health-related quality of life (HRQOL) has been progressively acknowledged as an essential health outcome measure in clinical trials and health services research and evaluation \[[@B8]-[@B10]\]. A HRQOL instrument must be multidimensional, consisting at the minimum of the physical, psychological (including emotional and cognitive), and social health dimensions delineated by the World Health Organization \[[@B11],[@B12]\]. Studies with adult patients with FM have demonstrated that in comparison to healthy controls, patients with FM report substantially lower HRQOL across multiple domains \[[@B13]-[@B15]\].

Health-related quality of life assessment in pediatric patients
---------------------------------------------------------------

Although the measurement of HRQOL in pediatric clinical trials has been advocated for a number of years \[[@B16]\], the emerging paradigm shift toward patient-reported outcomes (PROs) in clinical trials \[[@B12]\] has provided the opportunity to further emphasize the value and essential need for pediatric patient self-report measurement as efficacy outcomes in clinical trials for pediatric chronic health conditions \[[@B17]-[@B20]\]. By definition, patient-reported outcomes (PROs) are self-report instruments that directly measure the patient\'s perceptions of the impact of disease and treatment as clinical trial endpoints \[[@B12]\]. PROs include multi-item HRQOL instruments, as well as single-item symptom measures (e.g., pain intensity visual analogue scale \[VAS\]) \[[@B21]-[@B23]\].

It is well documented in both the adult and pediatric literature that information provided by proxy-respondents is not equivalent to that reported by the patient \[[@B24],[@B25]\]. Imperfect agreement between self-report and proxy-report, termed cross-informant variance \[[@B26]\], has been consistently documented in the HRQOL measurement of children with chronic health conditions and healthy children \[[@B27]-[@B34]\].

While pediatric patient self-report should be considered the standard for measuring perceived HRQOL \[[@B35]\], there may be circumstances when the child is too young, too cognitively impaired, too ill or fatigued to complete a HRQOL instrument, and parent proxy-report may be needed in such cases \[[@B36]\]. Further, it is typically parents\' perceptions of their children\'s HRQOL that influences healthcare utilization \[[@B37]-[@B39]\]. Thus, HRQOL instruments should be selected that measure the perspectives of *both*the child and parent since these perspectives may be independently related to healthcare utilization, risk factors, and quality of care \[[@B40]\].

Ideally, parent and child HRQOL instruments should measure the same constructs with parallel items in order to make comparisons between self and proxy report more meaningful \[[@B41],[@B42]\]. Even when children are able to self-report, parent proxy-report should be considered as a secondary outcome measure given parents\' expanding role in clinical decision-making and home treatment regimens for pediatric chronic health conditions \[[@B40]\]. Thus, there is a clear and defined role for parent proxy-report instruments in the assessment of pediatric HRQOL outcomes.

OMERACT Fibromyalgia Syndrome Workshop domains
----------------------------------------------

Recently, the Outcome Measures in Rheumatoid Arthritis Clinical Trials (OMERACT) Fibromyalgia Syndrome Workshop ranked and prioritized the domains that should be consistently measured in FM clinical trials in adults, specifically, pain, generic HRQOL, fatigue, sleep quality, and physical function \[[@B4]\]. To our knowledge, these domains have not been previously tested within a multidimensional framework in children and adolescents with FM.

Consequently, the objectives of the current analyses are to determine the feasibility, reliability and validity of pediatric patient self-report and parent proxy-report for children and adolescents with FM utilizing the PedsQL™ 4.0 Generic Core Scales, PedsQL™ Multidimensional Fatigue Scale, and PedsQL™ Rheumatology Module Pain and Hurt Scale. These scales were selected for this investigation since they measure the primary symptom domains identified by the OMERACT Fibromyalgia Syndrome Workshop \[[@B4]\].

Based on the extant literature on HRQOL in pediatric chronic health conditions in general and FM in particular, we hypothesized that pediatric patients with FM would self-report significantly lower physical and psychosocial functioning and greater fatigue than healthy children. We further examined the agreement between pediatric patient self-report and parent proxy-report, expecting moderate agreement based on the extant literature \[[@B43]\] and previous research with the PedsQL™ in pediatric chronic health conditions \[[@B44]-[@B46]\]. In order to further determine the clinical magnitude of the hypothesized negative impact of FM on pediatric patient self-reported HRQOL, pain, and fatigue, we conducted comparative analyses between pediatric patients with FM and pediatric cancer patients receiving cancer treatment (chemotherapy and radiation therapy) and pediatric patients with other rheumatologic conditions, both groups who have previously demonstrated impaired self-reported HRQOL, pain, and fatigue using the PedsQL™ \[[@B44]-[@B46]\].

Method
======

Participants and settings
-------------------------

### Pediatric fibromyalgia sample

Participants were 59 children and adolescents ages 8 to 18 years, and their parents (n = 57), diagnosed with FM by their pediatric rheumatologist using the Yunus & Masi criteria \[[@B5]\]. Pediatric patients with FM were identified through the appointment schedule at the Pediatric Rheumatology Clinic at Rady Children\'s Hospital and Health Center, San Diego. Parents of children identified as possible study participants were informed of the study after checking in for their appointment, but before being seen by their healthcare provider. Written parental informed consent and child assent were obtained.

Patients and parents completed the PedsQL™ 4.0 Generic Core Scales and PedsQL™ 3.0 Rheumatology Module Pain and Hurt Scale during a routine rheumatology clinic visit. The PedsQL™ Multidimensional Fatigue Scale was administered to patients (n = 29) and parents (n = 26) beginning approximately midway through participant recruitment since it was still under development at the initiation of this field test in FM. The PedsQL™ was self-administered for both children and their parents. Parents and children completed the PedsQL™ separately. One parent (79.7% mothers; 8.5% fathers; 5.1% other, 6.8% missing) completed the proxy-report version. Trained clinic personnel were available to answer questions regarding the self-administered instruments after the instructions had been given and clarified. This research protocol was approved by the Institutional Review Board at Children\'s Hospital and Health Center, San Diego.

Although the PedsQL™ can be administered for children ages 2--18, children in this sample were all between the ages of 8 years and 18 years given that it is relatively uncommon for young children to have fibromyalgia. The average age of the 53 girls (89.8%) and 6 boys (10.2%) was 13.73 years (SD= 2.92). With respect to race/ethnicity, the sample contained 35 (59.3%) White non-Hispanic, 8 (13.6%) Hispanic, 2 (3.4%) Black non-Hispanic, 2 (3.4%) American Indian or Alaskan Native, 1 (1.7%) other, and 11 (18.6%) missing. Mean socioeconomic status (SES) was 46.59 (SD = 12.20), based on the Hollingshead index, indicating on average a middle-class family SES \[[@B47]\].

### Pediatric cancer sample

The pediatric cancer sample consisted of children and adolescents ages 8 to 18 years receiving cancer treatment (chemotherapy and radiation therapy) and their parents who were randomly matched by age group to the FM sample utilizing the SPSS Version 14.0 statistical software random sample case selection command \[[@B48]\]. These participants, derived from the PedsQL™ 3.0 Cancer Module field test \[[@B44]\], were recruited from the Hematology/Oncology Centers at Rady Children\'s Hospital and Health Center, San Diego and Childrens Hospital Los Angeles. Written parental informed consent and child assent were obtained. The PedsQL™ was self-administered for both children and their parents. The sample included children with acute lymphocytic leukemia (n = 38, 46.9%), brain tumor (n = 8, 9.9%), Hodgkin\'s lymphoma (n = 6, 7.4%), non-Hodgkin\'s lymphoma (n = 5, 6.2%), Wilm\'s tumor (n = 1, 1.2%), and other cancers (n = 23, 28.4%). For all forms combined, the average age of the 39 boys (48.1%) and 41 girls (50.6%; Missing = 1, 1.2%) was 12.88 years (SD = 3.28). With respect to race/ethnicity, the sample contained 39 (48.1%) Hispanic, 30 (37.0%) White non-Hispanic, 3 (3.7%) Black non-Hispanic, 1 (1.2%) Asian/Pacific Islander, 1 (1.2%) American Indian or Alaskan Native, 6 (7.4%) other, and 1 (1.2%) missing. Mean socioeconomic status (SES) was 34.74 (SD = 15.43), based on the Hollingshead index, indicating on average a lower middle-class family SES \[[@B47]\].

### Pediatric rheumatology sample

The rheumatology sample consisted of children ages 8 to 18 years and their parents who were randomly matched by age group to the FM sample utilizing the SPSS Version 14.0 statistical software random sample case selection command \[[@B48]\]. These participants, derived from the PedsQL™ 3.0 Rheumatology Module field test \[[@B45]\] and the PedsQL™ Multidimensional Fatigue Scale field test in pediatric rheumatology \[[@B46]\], were recruited from the Pediatric Rheumatology Clinic at Rady Children\'s Hospital and Health Center, San Diego. Written parental informed consent and child assent were obtained. The PedsQL™ was self-administered for both children and their parents. For all forms combined, the average age of the 42 boys (26.8%) and 114 girls (72.6%; Missing = 1, 0.6%) was 13.43 years (SD = 3.32). With respect to race/ethnicity, the sample contained 64 (40.8%) White non-Hispanic, 30 (19.1%) Hispanic, 8 (5.1%) Asian/Pacific Islander, 6 (3.8%) Black non-Hispanic, 2 (1.3%) American Indian or Alaskan Native, 3 (1.9%) other, and 44 (28.0%) missing. Mean socioeconomic status (SES) was 46.79 (SD = 14.63), based on the Hollingshead index, indicating on average a middle-class family SES \[[@B47]\].

### Healthy children sample: Generic Core Scales

Participants included children and adolescents ages 8 to 18 years and their parents who were randomly matched by age group and gender to the FM sample utilizing the SPSS Version 14.0 statistical software random sample case selection command \[[@B48]\]. \"Healthy\" children and adolescents, defined as children and adolescents without parent-identified chronic illness or disability, were derived from the PedsQL™ 4.0 Generic Core Scales Database^SM^and were recruited from either a California State Children\'s Health Insurance Program (SCHIP) (n= 1758; 51.4%) \[[@B49]\] or from a school-based study within the San Diego Unified School District (n = 1662; 48.6%) \[[@B50]\]. Children and parents completed the PedsQL™ 4.0 Generic Core Scales, which was self-administered for both children and their parents. For all forms combined, the average age of the 342 boys (10.0%) and 3078 girls (90.0%) was 11.54 years (SD = 2.44). The sample was heterogeneous with respect to race/ethnicity with 1521 (44.5%) Hispanic, 790 (23.1%) Asian/Pacific Islander, 553 (16.2%) White non-Hispanic, 288 (8.4%) Black non-Hispanic, 11 (0.3%) American Indian or Alaskan Native, 54 (1.6%) other, and 203 (5.9%) missing. The statewide SCHIP sample and large metropolitan school district sample were representative of low to low-middle income families.

### Healthy children sample: Multidimensional Fatigue Scale

Participants were healthy children ages 5 to 18 years and parents of healthy children ages 2 to 18 years derived from the PedsQL™ Multidimensional Fatigue Scale field test in pediatric rheumatology \[[@B46]\]. Participants were not randomly matched by age and gender to the FM sample given the small healthy children sample available. This healthy sample was recruited at the Orthopedic Clinic in Rady Children\'s Hospital and Health Center, San Diego, and included patients who presented with broken bones or fractures 6 months prior to assessment with the PedsQL™. All patients were identified by the clinic nurse as being healthy at the time of assessment (e.g., no current problems due to their orthopedic injury). Participants were administered the PedsQL™ Multidimensional Fatigue Scale Acute Version (7 day recall period) via telephone, after obtaining informed consent and assent. For all forms combined, the average age of the 69 boys (67.6%) and 30 girls (29.4%; Missing = 3, 2.9%) was 9.89 years (SD = 5.02). The sample was heterogeneous with respect to race/ethnicity with 47 (46.1%) Hispanic, 28 (27.5%) White non-Hispanic, 6 (5.9%) Black non-Hispanic, 2 (2.0%) Asian/Pacific Islander, 1 (1.0%) American Indian or Alaskan Native, 14 (13.7%) other, and 4 (3.9%) missing. Mean socioeconomic status (SES) was 36.46 (SD = 16.05), based on the Hollingshead index, indicating on average a lower middle-class family SES \[[@B47]\].

Measures
--------

### The PedsQL™ 4.0 (Pediatric Quality of Life Inventory™ Version 4.0)

The 23-item PedsQL™ 4.0 Generic Core Scales encompass: 1) Physical Functioning (8 items), 2) Emotional Functioning (5 items), 3) Social Functioning (5 items), and 4) School Functioning (5 items), and were developed through focus groups, cognitive interviews, pre-testing, and field testing measurement development protocols \[[@B28],[@B51]\]. The instrument takes approximately 5 minutes to complete \[[@B51]\].

The PedsQL™ 4.0 Generic Core Scales are comprised of parallel child self-report and parent proxy-report formats. Child self-report includes ages 5--7, 8--12, and 13--18 years. Parent proxy-report includes ages 2--4 (toddler), 5--7 (young child), 8--12 (child), and 13--18 (adolescent), and assesses parent\'s perceptions of their child\'s HRQOL. The items for each of the forms are essentially identical, differing in developmentally appropriate language, or first or third person tense. The instructions ask how much of a problem each item has been during the past one month. A 5-point response scale is utilized across child self-report for ages 8--18 and parent proxy-report (0 = never a problem; 1 = almost never a problem; 2 = sometimes a problem; 3 = often a problem; 4 = almost always a problem).

Items are reverse-scored and linearly transformed to a 0--100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), so that higher scores indicate better HRQOL. Scale Scores are computed as the sum of the items divided by the number of items answered (this accounts for missing data). If more than 50% of the items in the scale are missing, the Scale Score is not computed. This accounts for the differences in sample sizes for scales reported in the Tables. Although there are other strategies for imputing missing values, this computation is consistent with the previous PedsQL™ peer-reviewed publications, as well as other well-established HRQOL measures \[[@B51]-[@B53]\]. The Physical Health Summary Score (8 items) is the same as the Physical Functioning Scale. To create the Psychosocial Health Summary Score (15 items), the mean is computed as the sum of the items divided by the number of items answered in the Emotional, Social, and School Functioning Scales.

### PedsQL™ Multidimensional Fatigue Scale

The 18-item PedsQL™ Multidimensional Fatigue Scale encompasses: 1) General Fatigue (6 items, e.g., \"I feel tired.\"; \"I feel too tired to do things that I like to do.\"), 2) Sleep/Rest Fatigue (6 items, e.g., \"I feel tired when I wake up in the morning.\"; \"I rest a lot.\"), and 3) Cognitive Fatigue (6 items, e.g., \"It is hard for me to keep my attention on things.\"; \"It is hard for me to remember what people tell me.\"), with demonstrated reliability and validity in pediatric rheumatology \[[@B46]\]. The format, instructions, Likert scale, and scoring method are identical to the PedsQL™ 4.0 Generic Core Scales, with higher scores indicating better HRQOL (fewer problems or symptoms).

### PedsQL™ Rheumatology Module Pain and Hurt Scale

The 22-item multidimensional PedsQL™ 3.0 Rheumatology Module includes a 4-item Pain and Hurt Scale (e.g., \"I ache or hurt in my joints and/or muscles,\" \"I feel stiff in the morning or when I sit too long\"), with demonstrated reliability and validity in pediatric rheumatology \[[@B45]\]. The format, instructions, Likert scale, and scoring method are identical to the PedsQL™ 4.0 Generic Core Scales, with higher scores indicating better HRQOL (fewer problems or symptoms).

### PedsQL™ Family Information Form

The PedsQL™ Family Information Form \[[@B51]\] was completed by parents. The PedsQL™ Family Information Form contains demographic information including the child\'s date of birth, gender, race/ethnicity, and parental education and occupation information required to calculate the Hollingshead four factor socioeconomic status (SES) index \[[@B47]\].

Statistical analyses
--------------------

The feasibility of the PedsQL™ Scales as outcome measures for pediatric patients with FM was determined from the percentage of missing values for each item \[[@B52]\]. Scale internal consistency reliability was determined by calculating Cronbach\'s coefficient alpha \[[@B54]\]. Scales with reliabilities of 0.70 or greater are recommended for comparing patient groups, while a reliability criterion of 0.90 is recommended for analyzing individual patient scale scores \[[@B55],[@B56]\].

Construct validity was determined utilizing the known-groups method. The known-groups method compares scale scores across groups known to differ in the health construct being investigated \[[@B52],[@B57]\]. In this study, analysis of variance with Tukey post-hoc tests was used to compare groups differing in known health status (pediatric patients with FM and healthy children) on the PedsQL™ 4.0 Generic Core Scales and the PedsQL™ Multidimensional Fatigue Scale. We also explored comparisons between the Generic Core Scales and Multidimensional Fatigue Scale for pediatric patients with FM with pediatric patients with cancer on-treatment and pediatric patients with other rheumatologic conditions. We further compared pain reports between pediatric patients with FM with pediatric patients with other rheumatologic conditions using independent sample *t*-tests. In order to determine the magnitude of the differences between pediatric patients with FM and healthy children, effect sizes were calculated \[[@B58]\]. Effect size as utilized in these analyses was calculated by taking the difference between the healthy sample mean and the FM sample mean, divided by the healthy sample standard deviation. Effect sizes for differences in means are designated as small (.20), medium (.50), and large (.80) in magnitude \[[@B58]\].

Construct validity for the PedsQL™ Scales in FM was further examined through an analysis of Pearson\'s Product Moment Correlations among the Generic Core Scales and summary scores with the pain and fatigue scales. Based on the conceptualization of disease-specific symptoms as causal indicators of generic HRQOL, and the extant literature on adult patients with FM, it was anticipated that more severe pain and fatigue would be associated with more impaired generic HRQOL. Computing the intercorrelations among scales provides additional information on the construct validity of an instrument \[[@B56]\]. Pearson\'s Product Moment Correlation coefficient effect sizes are designated as small (.10--.29), medium (.30--.49), and large (≥ .50) \[[@B58]\]. Intercorrelations were expected to demonstrate medium to large effect sizes.

Agreement between child self-report and parent proxy-report was determined through two-way mixed effect model (absolute agreement, single measure) Intraclass Correlations (ICC) \[[@B59]\]. The ICC offers an index of absolute agreement given that it takes into account the ratio between subject variability and total variability \[[@B59],[@B60]\]. Intraclass Correlations are designated as ≤ 0.40 poor to fair agreement, 0.41--0.60 moderate agreement, 0.61--0.80 good agreement, and 0.81--1.00 excellent agreement \[[@B61],[@B62]\]. Statistical analyses were conducted using SPSS Version 14.0 for Windows \[[@B48]\].

Results
=======

Feasibility
-----------

To assess instrument feasibility, the percentage of missing values was calculated. The overall percentage of missing item responses across the PedsQL™ scales for patient self-report and parent proxy-report for the FM sample was 0.53% and 0.70%, respectively. For patient self-report and parent proxy-report, the percentage of missing item responses for the FM sample on the PedsQL™ 4.0 Generic Core Scales was 0.40% and 0.96%, respectively. For patient self-report and parent proxy-report, the percentage of missing item responses for the FM sample on the PedsQL™ Multidimensional Fatigue Scale was 0.98% and 0.27%, respectively. For patient self-report and parent proxy-report, the percentage of missing item responses for the FM sample on the PedsQL™ Rheumatology Module Pain and Hurt scale was 0.44% and 0.00%, respectively.

Internal consistency reliability
--------------------------------

Internal consistency reliability alpha coefficients for the PedsQL™ 4.0 Generic Scales and summary scores are presented in Table [1](#T1){ref-type="table"}. Internal consistency reliability alpha coefficients for the PedsQL™ Multidimensional Fatigue scales and the PedsQL™ Rheumatology Module Pain and Hurt scale are presented in Table [2](#T2){ref-type="table"}. On the PedsQL™ 4.0 Generic Core Scales and Multidimensional Fatigue Scale, all the patient self-report scales and parent proxy-report scales met or exceeded the minimum reliability standard of 0.70 required for group comparisons, while the Generic Core Total Scale Score and Total Fatigue Scale Score for both child self-report and parent proxy-report approached or exceeded the reliability criterion of 0.90 recommended for analyzing individual patient scale scores. On the PedsQL™ Rheumatology Module Pain and Hurt Scale, the child self-report and parent proxy-report alpha coefficients approached or exceeded the minimum reliability standard of 0.70 required for group comparisons.

###### 

PedsQL™ 4.0 Generic Core Scales Scores for Child Self-Report and Parent Proxy-Report across Samples and Reliability for Fibromyalgia Sample

                           Fibromyalgia^a^   Cancer^b^      Rheumatology^c^   Healthy^d^      Differences      Effect Size                                                  
  ------------------------ ----------------- -------------- ----------------- --------------- ---------------- ------------- ------- ------- ------- ---------------------- ------
  Scale                    α                 Mean           SD                Mean            SD               Mean          SD      Mean    SD                             
                                                                                                                                                                            
  **Self-Report**          **(N = 56)**      **(N = 57)**   **(N = 74)**      **(N = 154)**   **(N = 2873)**                                                                
   Total Score             0.88              55.85          15.16             68.48           15.25            76.01         15.88   82.70   13.20   a\<b,c,d\*\*\*         2.03
   Physical Functioning    0.85              45.40          19.86             63.03           23.90            71.72         22.24   86.29   13.69   a\<b,c,d\*\*\*         2.99
   Psychosocial Health     0.84              61.45          16.25             71.78           13.79            78.33         14.57   80.80   14.55   a\<b,c,d\*\*\*         1.33
   Emotional Functioning   0.78              53.77          22.41             67.91           18.60            75.75         19.21   76.60   18.72   a\<b,c,d\*\*\*         1.22
   Social Functioning      0.70              74.47          18.29             79.70           17.73            84.67         16.27   85.27   17.15   a\<c\*\*; a\<d\*\*\*   0.63
   School Functioning      0.74              55.74          20.46             67.61           19.37            75.07         17.44   80.51   16.13   a\<b,c,d\*\*\*         1.54
  **Proxy-Report**         **(N = 56)**      **(N = 57)**   **(N = 78)**      **(N = 131)**   **(N = 3371)**                                                                
   Total Score             0.87              52.04          15.17             58.23           19.24            73.41         17.47   78.78   16.58   a\<c,d\*\*\*           1.61
   Physical Functioning    0.76              43.37          19.01             53.22           27.11            69.07         23.66   80.53   21.11   a\<b\*; a\<c,d\*\*\*   1.76
   Psychosocial Health     0.85              56.70          16.41             61.25           17.84            75.73         16.73   77.82   16.39   a\<c,d\*\*\*           1.29
   Emotional Functioning   0.76              48.95          19.47             57.12           22.34            72.56         20.38   77.71   17.76   a\<b\*; a\<c,d\*\*\*   1.62
   Social Functioning      0.71              67.02          19.70             70.24           19.42            79.84         19.72   80.42   20.88   a\<c\*\*; a\<d\*\*\*   0.64
   School Functioning      0.75              53.77          20.55             57.35           22.20            75.15         19.90   75.32   20.14   a\<c,d\*\*\*           1.07

\*p \< .05, \*\*p \< .01, \*\*\*p \< .001 based on Tukey post-hoc analysis. Effect sizes are designated as small (.20), medium (.50), and large (.80). Effect sizes represent the magnitude in the differences between the Fibromyalgia and Healthy Children samples only. α = Cronbach internal consistency reliability coefficient alpha.

###### 

PedsQL™ Multidimensional Fatigue Scale and Rheumatology Module Pain and Hurt Scale for Child Self-Report and Parent Proxy-Report across Samples and Reliability for Fibromyalgia Sample

                         Fibromyalgia^a^   Cancer^b^      Rheumatology^c^   Healthy^d^      Differences     Effect Size                                                         
  ---------------------- ----------------- -------------- ----------------- --------------- --------------- ------------- ------- ------------ ------- ------------------------ ------
  Scale                  α                 Mean           SD                Mean            SD              Mean          SD      Mean         SD                               
                                                                                                                                                                                
  **Self-Report**        **(N = 28)**      **(N = 29)**   **(N = 75)**      **(N = 152)**   **(N = 52)**                                                                        
   Total Fatigue         0.94              55.48          21.19             70.23           15.68           76.68         20.52   80.49        13.33   a\<b\*\*; a\<c,d\*\*\*   1.88
   General Fatigue       0.91              48.97          25.14             71.69           19.42           76.82         23.19   85.34        14.95   a\<b,c,d\*\*\*           2.43
   Sleep/Rest Fatigue    0.76              52.36          21.08             64.50           21.73           71.77         24.27   75.00        18.76   a\<c,d\*\*\*             1.21
   Cognitive Fatigue     0.91              65.17          24.30             74.49           19.10           81.30         20.83   81.14        17.43   a\<c,d\*\*               0.92
   Pain and Hurt Scale   0.68              32.93          26.88             NA              67.11           27.54         NA      a\<c\*\*\*   NA                               
  **Proxy-Report**       **(N = 26)**      **(N = 26)**   **(N = 79)**      **(N = 125)**   **(N = 102)**                                                                       
   Total Fatigue         0.94              54.19          18.99             64.05           19.08           75.78         20.81   89.63        11.38   a\<c,d\*\*\*             3.11
   General Fatigue       0.89              49.68          21.92             60.04           23.39           73.11         24.65   89.30        13.33   a\<c,d\*\*\*             2.97
   Sleep/Rest Fatigue    0.84              48.85          21.30             56.97           24.37           72.86         23.85   88.86        14.72   a\<c,d\*\*\*             2.72
   Cognitive Fatigue     0.96              64.10          22.70             75.14           21.37           81.83         19.39   90.72        15.15   a\<c,d\*\*\*             1.76
   Pain and Hurt Scale   0.75              32.35          25.93             NA              65.33           28.96         NA      a\<c\*\*\*   NA                               

\*p \< .05, \*\*p \< .01, \*\*\*p \< .001 based on Tukey post-hoc analysis. Effect sizes are designated as small (.20), medium (.50), and large (.80). Effect sizes represent the magnitude in the differences between the Fibromyalgia and Healthy Children samples only. α = Cronbach internal consistency reliability coefficient alpha. Healthy sample completed the Acute Version (7-day recall) of the PedsQL™ Multidimensional Fatigue Scale. Sample size for the Rheumatology Module Pain and Hurt Scale for Child Self-Report for Fibromyalgia sample equals 57 and for Rheumatology sample equals 150. Sample size for the Rheumatology Module Pain and Hurt Scale for Parent Proxy-Report for Fibromyalgia sample equals 57 and for Rheumatology sample equals 126. NA = not applicable.

Construct validity
------------------

Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} present the means and standard deviations of the PedsQL™ 4.0 Generic Core Scales and Multidimensional Fatigue Scale scores for patient self-report and parent proxy-report for pediatric patients with FM and healthy children. For all PedsQL™ 4.0 Generic Core Scales and summary scores, pediatric patients with FM and their parents reported statistically significant lower HRQOL than healthy children. Pediatric patients with FM and their parents also reported significantly worse fatigue than healthy children. Most effect sizes were in the large range.

Comparison to pediatric cancer and pediatric rheumatology
---------------------------------------------------------

Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} also present the means and standard deviations of the PedsQL™ 4.0 Generic Core Scales and Multidimensional Fatigue Scale scores for patient self-report and parent proxy-report for pediatric patients with cancer on-treatment and pediatric patients with rheumatologic conditions other than FM. Table [1](#T1){ref-type="table"} demonstrates that across the PedsQL™ 4.0 Generic Core Scales and summary scores, with the exception of the Social Functioning Scale, children with FM in this sample reported statistically significant lower HRQOL than children with cancer on-treatment and children with a variety of rheumatologic conditions. In addition, pediatric patients with FM reported significantly worse total fatigue and general fatigue than children with cancer on-treatment and significantly worse fatigue across all the fatigue dimensions than pediatric patients with other rheumatologic conditions. Table [2](#T2){ref-type="table"} also presents the means and standard deviations of the PedsQL™ 3.0 Rheumatology Module Pain and Hurt Scale between pediatric patients with FM and pediatric patients with other rheumatologic conditions. Pediatric patients with FM and their parents reported significantly worse pain than pediatric patients with other rheumatologic conditions and their parents.

Intercorrelations among PedsQL™ Scales
--------------------------------------

Table [3](#T3){ref-type="table"} shows the intercorrelations among the Generic Core Scales and summary scores with the pain and fatigue scales. More severe pain and fatigue was significantly correlated with more impaired generic HRQOL. These intercorrelations are in the large effect size range.

###### 

Intercorrelations among PedsQL™ Scales for Child Self-Report and Parent Proxy-Report for Fibromyalgia Sample

  Scale                        TG                  PF                  PH                  EF                  SF                  SchF                TF                  GF                  S/RF                CF                  P/HS
  ---------------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- -------------------
  Total Generic Core (TG)      [0.63\*\*\*]{.ul}   0.79\*\*\*          0.92\*\*\*          0.71\*\*\*          0.68\*\*\*          0.81\*\*\*          0.81\*\*\*          0.81\*\*\*          0.67\*\*            0.69\*\*\*          0.72\*\*\*
  Physical Functioning (PF)    0.80\*\*\*          [0.47\*\*\*]{.ul}   0.48\*\*\*          0.27\*              0.40\*\*            0.49\*\*\*          0.75\*\*\*          0.74\*\*\*          0.61\*\*            0.64\*\*            0.63\*\*\*
  Psychosocial Health (PH)     0.93\*\*\*          0.51\*\*\*          [0.66\*\*\*]{.ul}   0.83\*\*\*          0.71\*\*\*          0.84\*\*\*          0.69\*\*\*          0.69\*\*\*          0.57\*\*            0.58\*\*            0.62\*\*\*
  Emotional Functioning (EF)   0.73\*\*\*          0.44\*\*            0.76\*\*\*          [0.66\*\*\*]{.ul}   0.35\*\*            0.58\*\*\*          0.50\*              0.49\*              0.31                0.49\*              0.51\*\*\*
  Social Functioning (SF)      0.80\*\*\*          0.45\*\*\*          0.85\*\*\*          0.45\*\*            [0.49\*\*\*]{.ul}   0.40\*\*            0.45\*              0.47\*              0.58\*\*            0.21                0.43\*\*
  School Functioning (SchF)    0.77\*\*\*          0.38\*\*            0.85\*\*\*          0.44\*\*            0.65\*\*\*          [0.59\*\*\*]{.ul}   0.71\*\*\*          0.68\*\*\*          0.47\*              0.73\*\*\*          0.54\*\*\*
  Total Fatigue (TF)           0.75\*\*\*          0.61\*\*            0.62\*\*            0.53\*              0.40                0.63\*\*            [0.81\*\*\*]{.ul}   0.93\*\*\*          0.84\*\*\*          0.90\*\*\*          0.64\*\*
  General Fatigue (GF)         0.77\*\*\*          0.70\*\*\*          0.60\*\*            0.55\*\*            0.38                0.52\*              0.89\*\*\*          [0.78\*\*\*]{.ul}   0.72\*\*\*          0.76\*\*\*          0.67\*\*\*
  Sleep/Rest Fatigue (S/RF)    0.53\*              0.39                0.46\*              0.41                0.33                0.38                0.84\*\*\*          0.74\*\*\*          [0.77\*\*\*]{.ul}   0.62\*\*            0.48\*
  Cognitive Fatigue (CF)       0.59\*\*            0.44\*              0.50\*              0.38                0.30                0.71\*\*\*          0.80\*\*\*          0.54\*              0.45\*              [0.75\*\*\*]{.ul}   0.53\*\*
  Pain and Hurt Scale (P/HS)   0.64\*\*\*          0.53\*\*\*          0.58\*\*\*          0.56\*\*\*          0.42\*\*            0.44\*\*            0.63\*\*            0.66\*\*            0.63\*\*            0.34                [0.73\*\*\*]{.ul}

Pearson\'s product moment correlations for patient self-report above diagonal, Pearson\'s product moment correlations for parent proxy-report below diagonal, and two-way mixed effect model (absolute agreement, single measure) Intraclass Correlations (ICCs) for patient/parent agreement on diagonal. Effect sizes are designated as small (0.10), medium (0.30), and large (0.50) for Pearson\'s product moment correlations. ICCs are designated as ≤ 0.40 poor to fair agreement, 0.41--0.60 moderate agreement, 0.61--0.80 good agreement, and 0.81--1.00 excellent agreement. \*p \< .05, \*\*p \<. 01, \*\*\*p \< .001.

Parent/child agreement
----------------------

Table [3](#T3){ref-type="table"} presents two-way mixed effect model (absolute agreement, single measure) Intraclass Correlations (ICC) between pediatric patients with FM self-report and parent proxy-report across the PedsQL™ scales. Most ICCs are in the range of moderate to good agreement, with the greatest overall agreement on the fatigue and pain scales. On the PedsQL™ 4.0 Generic Core Scales, the greatest agreement is on the Psychosocial Health Summary Score and Emotional Functioning Scale.

Discussion
==========

These analyses demonstrate the feasibility, reliability and validity of the PedsQL™ as a multidimensional pediatric patient-reported outcome instrument for fibromyalgia consistent with the OMERACT Fibromyalgia Syndrome Workshop recommendations \[[@B4]\]. These PedsQL™ Scales measure the OMERACT prioritized domains that should be consistently measured in FM clinical trials, specifically, pain, generic HRQOL, fatigue, sleep quality, and physical function \[[@B4]\]. In addition, in adult patients with FM, recent evidence suggests the importance of measuring cognitive difficulties (\"fibrofog\"), frequently reported by adult patients with FM as memory and attention problems \[[@B3]\]. The PedsQL™ Cognitive Fatigue Scale measures the construct of cognitive problems as delineated in the adult FM literature, and to our knowledge, represents the first measurement presentation of this construct in pediatric patients with FM.

Items on the PedsQL™ Scales had minimal missing responses, suggesting that pediatric patients with FM and their parents are willing and able to provide good quality data regarding the patient\'s HRQOL. The PedsQL™ self-report and proxy-report internal consistency reliabilities generally exceeded the recommended minimum alpha coefficient standard of 0.70 for group comparisons. The PedsQL™ Generic Core Scales Total Score and Multidimensional Fatigue Scale Total Score for pediatric patient self-report and parent proxy-report approached or exceeded an alpha of 0.90, recommended for individual patient analysis \[[@B55]\], making the Generic Core Scales Total Scale Score suitable as a summary score for the primary analysis of HRQOL outcome in clinical trial analyses for pediatric patients with FM, with the PedsQL™ Psychosocial Health Summary Score, the Multidimensional Fatigue Scale Total Score, and individual scales suitable alternatively as either the primary or secondary outcome score depending on the intent of a particular clinical trial.

As hypothesized, pediatric patients with FM self-reported significantly lower PedsQL™ scores on dimensions of physical and psychosocial health and fatigue in comparison to healthy children. These findings are consistent with findings in adult patients with FM using the SF-36 \[[@B13]-[@B15]\]. We believe the consistency of the present findings in which differences between healthy children and pediatric patients with FM for *both*child self-report and parent proxy-report support the magnitude of the reported impairment in these pediatric patients with FM. This illustrates the benefits of the PedsQL™ Measurement Model in which both child self-report and parent proxy-report are measured \[[@B28]\].

The comparisons between pediatric patients with FM with pediatric cancer patients receiving cancer treatment and those pediatric patients with other rheumatologic diseases are useful in understanding the relative clinical impact of fibromyalgia on HRQOL. The extant literature on the adaptation of children with chronic physical health conditions demonstrates that children with chronic physical health conditions are reported to not only experience lower physical functioning, but also manifest lower emotional, social, and school functioning in comparison to healthy children \[[@B63]\]. The findings that pediatric patients with FM report physical and psychosocial health generally lower than children receiving chemotherapy and radiation for the treatment of pediatric cancer provide further insight into the comparative negative impact of this chronic health condition on HRQOL in comparison to other serious pediatric chronic conditions. The findings that pediatric patients with FM, whose examinations and laboratory tests are generally normal, demonstrated significantly lower overall HRQOL and more severe pain and fatigue than pediatric patients with other rheumatologic conditions, whose examinations and tests are generally abnormal, further emphasizes the importance of measuring HRQOL outcomes in these children and adolescents.

These findings with the PedsQL™ Scales have potential clinical implications for the healthcare needs of children with FM. Given the degree of reported impairment in their HRQOL, the urgent need for efficacious treatments is quite evident. The immediate and long-term consequences of untreated or under-treated FM appears quite severe for these children, their families, and society as a whole \[[@B7],[@B64]\]. The challenge for health care is to identify and enroll pediatric patients with FM in high quality evidence-based comprehensive healthcare services in order to mitigate the potential long-term negative consequences on patient HRQOL. For chronic health conditions such as fibromyalgia, HRQOL and symptom scales completed by patients may be the only indicators of disease activity and treatment effect \[[@B21]-[@B23]\]. In such patient populations, PROs are often indicated as the primary end-points for drug approval \[[@B21]-[@B23]\]. Given that pharmaceutical and nonpharmaceutical treatment regimens for adults with FM are emerging \[[@B65]-[@B68]\], trials which evaluate the impact of similar regimens on the patient-reported health outcomes of pediatric patients with FM are urgently needed \[[@B7],[@B64],[@B69]\].

Finally, while self-report is considered the standard for measuring perceived HRQOL, it is typically parents\' perceptions of their children\'s HRQOL that influences healthcare utilization \[[@B37]-[@B39]\]. Thus, the imperfect agreement observed between child self-report and parent proxy-report supports the need to measure the perspectives of both the child and parent in evaluating pediatric HRQOL since these perspectives may be independently related to healthcare utilization and risk factors. The availability of a validated parent proxy-report measure in FM provides the opportunity to estimate child HRQOL when the child is either unable or unwilling to complete the HRQOL measure. Although the intercorrelations between child and parent report across the physical, psychosocial, fatigue and pain domains might be expected to follow the conceptualization that more observable domains (i.e., physical functioning) would yield higher intercorrelations, this has not necessarily been the case in either PedsQL™ publications across various pediatric chronic health conditions, or in the published literature with other HRQOL instruments. In a comprehensive review, Eiser \[[@B70]\] found mixed results in terms of higher intercorrelations between self and proxy report of physical functioning across pediatric HRQOL instruments, with most studies demonstrating this effect, while some others did not. In a condition such as FM that is highly associated with significant pain, fatigue, and emotional distress, parents may be more acutely attuned to these symptoms, and consequently their perception of their child\'s HRQOL on these domains may more closely align with their child\'s perceptions.

The present findings have several potential limitations. Given that the comparative analyses were with an exiting database, we were only able to match the FM sample to the pediatric cancer and rheumatology samples by age, not gender, given the small sample sizes for these chronic health conditions. Other sociodemographic differences of these existing databases may have further influenced the comparative findings with healthy children, and pediatric patients with cancer and other rheumatologic conditions; however, our findings are consistent with the literature on adult patients with FM. Further, the PedsQL™ Multidimensional Fatigue Scale was not administered initially in our FM recruitment efforts, and thus we report a smaller sample size for analyses here. Additionally, sensitivity and responsiveness data were not available for these analyses; however, previous PedsQL™ research with patients with rheumatologic and other chronic health conditions have demonstrated the sensitivity and responsiveness of the PedsQL™ Scales \[[@B17],[@B20],[@B45],[@B71]-[@B73]\]. Finally, we have no information on nonparticipants given the requirements of the local IRB.

Conclusion
==========

These PedsQL™ findings demonstrate the feasibility and measurement properties required for pediatric clinical trials and health services research in pediatric patients with fibromyalgia. As a chronic musculoskeletal pain syndrome with no identifiable cause and no physiological markers of disease activity, FM represents a significant challenge in the clinical decision-making process. The treating physician cannot monitor the course of the illness with objective disease indicators that are available for other rheumatologic diseases, and thus is dependent on patient self-report. These PedsQL™ Scales provide a measurement approach that has great potential as outcome measures in the clinical setting in this regard. Further, pediatric patient-reported outcomes should be considered as the standard for HRQOL measurement in pediatric clinical trials in which patient health-related quality of life is investigated in FM. In this way, the voices of the children will be heard in matters pertaining to their health and well-being given the perspective that \"some treatment effects are known only to the patient\" \[[@B12]\]. Measuring perceived health from the perspective of pediatric patients with fibromyalgia provides a level of accountability consistent with the Institute of Medicine report on the quality of care \[[@B74]\]. As the consumers of pediatric healthcare, children and their parents are uniquely positioned to give their perspectives on healthcare quality through their perceptions of patient health-related quality of life.
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